Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(11)Publication number : 



2002-300004 



(43)Date of publication of application : 1 1.10.2002 



(51)lnt.CI. 



H03H 9/64 
H03H 9/145 
H03H 9/25 



(21)Appiication number : 2001-0961 14 (71)Applicant : KYOCERA CORP 



(22)Date of filing : 



29.03.2001 



(72)lnventor : ITO MIKI 

OTSUKA KAZUHIRO 



(54) SURFACE ACOUSTIC WAVE FILTER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface 
acoustic wave filter that has an excellent insertion loss 
and has an excellent amplitude and phase balance 
characteristics. 

SOLUTION: This invention provides the surface acoustic 
wave filter in which a balance signal electrode for 
balance input/output and an unbalance signal electrode 
for unbalance input/output is placed on a piezoelectric 
substrate 1, the balance signal electrode is formed by 
interdigitally opposing a plurality of interdigital signal 
electrodes among electrode fingers placed at both ends 
of one interdigital floating electrode or interdigital ground 
electrode and the interdigital signal electrodes adjacent 
to each other are opposed to each other in phase. 
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(54) SURFACE ACOUSTIC WAVE FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface acoustic wave filter that has 
an excellent insertion loss and has an excellent amplitude and phase balance 
characteristics. 

SOLUTION: This invention provides the surface acoustic wave filter in which a 
balance signal electrode for balance input/output and an unbalance signal 
electrode for unbalance input/output is placed on a piezoelectric substrate 1 , the 
balance signal electrode is formed by interdigitally opposing a plurality of 
interdigital signal electrodes among electrode fingers placed at both ends of one 



interdigital floating electrode or interdigital ground electrode and the interdlgltal 
signal electrodes adjacent to each other are opposed to each other in phase. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the surface acoustic wave filter of the resonator mold which 
arranges the balanced signal electrode which performs a balanced input or a 
balanced output, and the unbalance signal electrode which performs an 
unbalanced output or an unbalanced input, and changes on a piezo-electric 
substrate. While said balanced signal electrode makes it counter so that two or 
more ctenidium-like signal electrodes made to adjoin may be engaged and 
changes between the electrode fingers located in the ends of this electrode to 
one ctenidium-like float electrode or a ctenidium-like earth electrode The surface 
acoustic wave filter characterized by a ****** ctenidium-like signal electrode being 
an opposite phase mutually. 

[Claim 2] The surface acoustic wave filter according to claim 1 characterized by 
the electrode fingers located in the edge of said ****** ctenidium-like signal 
electrode adjoining. 

[Claim 3] The surface acoustic wave filter according to claim 1 characterized by 
making the average electrode digit from the center of said balanced signal 
electrode to the center of a ****** unbalance signal electrode smaller than the 
average electrode digit of the whole resonator. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic wave filter of 
the resonator mold which is equipped with the balanced signal electrode which 
performs a balanced input or a balanced output, and the unbalance signal 
electrode which performs an unbalanced output or an unbalanced input, and 
changes on a piezo-eiectric substrate. 
[0002] 

[Description of the Prior Art] In recent years, for small and lightweight-izing of 
mobile communication equipment etc., and low-cost-izing, the cutback of activity 
components is advanced and addition of a new function has been required of a 
surface acoustic wave filter. One of them has a demand of enabling it to 
constitute in an unbalanced input-balanced output mold or a balanced input- 
unbalanced output mold. A balanced input or a balanced output means what a 
signal inputs or outputs as the potential difference between two signal-line ways 
here, the signal of each signal-line way has the equal amplitude, and the phase 
is an opposite phase. On the other hand, an unbalanced input or an unbalanced 
output means what a signal inputs or outputs as potential of one line over ground 
potential. 

[0003] The conventional surface acoustic wave filter had taken the circuitry which 
inserted the unbalance-balanced converter (henceforth a balun) between a 
surface acoustic wave filter and the latter part, when the circuit and electronic 
parts which are connected to the latter part of a surface acoustic wave filter had 
become a balanced input mold, since it was generally an unbalanced input- 
unbalanced output mold surface acoustic wave filter (henceforth an unbalance 



mold surface acoustic wave filter). When the circuit and electronic parts of the 
surface acoustic wave filter preceding paragraph had become a balanced output 
mold similarly, it had become circuitry which inserted the balun between the 
preceding paragraph and a surface acoustic wave filter. 
[0004] In order to delete current and a balun, utilization of the unbalanced input- 
balanced output mold surface acoustic wave filter which gave the unbalance- 
balance conversion function or balanced - unbalance conversion function to the 
surface acoustic wave filter, or a balanced input-unbalanced output mold surface 
acoustic wave filter (henceforth a balanced type surface acoustic wave filter) is 
advanced. 

[0005] For example, in the resonator mold electrode pattern with which the 
reflector electrode for resonating a surface acoustic wave efficiently was 
prepared in the ends of the surface acoustic wave propagation path of the 
installed IDT (Inter Digital Transducer) electrode, improvement in the amplitude 
in a passband and the unbalance of a phase is called for. Here, a signal inputs or 
outputs the amplitude and the unbalance of a phase as the potential difference 
between two signal-line ways, the unbalance of the amplitude is excellent, so that 
its magnitude of the amplitude of the signal of each signal-line way is equal, and 
it can be said that the unbalance of a phase is excellent, so that the difference of 
the phase of each signal is equal to 180 degrees. 

[0006] The resonator mold surface acoustic wave filter corresponding to the 
balanced I/O to the former is shown in drawing 3 and 4. The IDT electrode 102 
arranged on the piezo-electric substrate 101 adds electric field to the ctenidium- 
like electrode made to counter mutually [ a couple ], and excites a surface 
acoustic wave. By the principle, the excited surface acoustic wave spreads by 
applying an input signal to the IDT electrode 102 to the IDT electrode 103,104 for 
output signals located in the both sides of the IDT electrode 102. The 
propagation balanced output of the signal is carried out from the output signal 
terminal 113 and another side from one pectinate form electrode of the IDT 
electrodes 103 and 104 to the output signal terminal 115. Moreover, drawing 4 
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has composition which can perform improvement in the magnitude of attenuation 
of a filter shape out of band, when two steps connect. 

[0007] Since structures, such as an electrode pattern of the circumference used 
as the electrode number of the pectinate fomri electrode with which the IDT 
electrodes 103 and 104 counter, the arranged location, or the factor which 
generates parasitic capacitance, differed, with the above resonator mold surface 
acoustic wave filters, only the resonator mold surface acoustic wave filter with 
which amplitude differed [ the signal which gets across to the output signal 
terminals 113 and 115] mutually, the phase shifted from the opposite phase, 
consequently unbalance deteriorated was obtained. 
[0008] In recent years, the surface acoustic wave filter is bearing a part to the 
miniaturization of various communication equipment, and no adjusting-ization. 
And the demand of broadband-izing of a surface acoustic wave filter has been 
growing increasingly with progress of high-frequency-izing of communication 
equipment, and advanced features. For example, as a filter for 900MHz band 
cellular phones, the highly efficient broad band filter with an effective pass band 
width of 35MHz or more (about 3.7% or more of fractional band width) is 
demanded. In addition, fractional band width BR can be expressed with 
BR=BW/fc (pass band width [ in / BW / in band interpolation close loss / 3dB ], 
center frequency of a passband [ in / fc / in band interpolation close loss / 3dB ]). 
[0009] In order to realize such broadband-ization, various approaches are 
proposed conventionally. For example, three IDT (Inter Digital Transducer) 
electrodes (electrode which one pair of ctenidium-like electrodes were made to 
counter mutually) are prepared, and the so-called double mode surface acoustic 
wave resonator filter using primary length mode and 3rd length mode is known. 
[0010] As shown in drawing 3 , a surface acoustic wave is reflected by the 
reflector electrode 1 07 located in ends, and it becomes a standing wave between 
the reflector electrodes 107,107. The primary mode and its high order (3rd order) 
mode are contained in the mode of this standing wave with three IDT electrodes. 
Since a passage property is acquired with the resonance frequency generated in 



these modes, a passband can be made large by controlling spacing of resonance 
frequency. In addition, for an IDT inter-electrode part and 108, as for an input 
signal terminal and 112, an IDT electrode, a reflector inter-electrode part, and 
1 1 1 are [ 1 05, 1 06 / an earth terminal and 113,115] output signal terminals 
among drawing. 

[0011] Conventionally, the approach of controlling the frequency between the 
aforementioned modes by control of the spacing d of the electrode finger center 
to center in the edge (IDT inter-electrode part) 105,106 of the IDT electrode 
which makes all IDT electrodes the same pitch L, and is located in the frequency 
control between this mode at a center and its both sides was taken. Moreover, 
capacity was added to the IDT electrode for output signals, and the frequency 
was controlled. 

[0012] For this reason, with the conventional double mode surface acoustic wave 
resonator filter, when the substrate of LiTaOS single crystal was used, for 
example as a piezo-electric substrate, fractional band width (value of the pass 
band width to center frequency) was obtained only about 0.40% (see JP,1- 
23141 7,A) or at most about 2% (see JP,4-40705,A). Moreover, although 3.7% 
was realized with the greatest bandwidth (see JP,7-58581,A), since the ratio of 
the occupancy bandwidth of a system was 3.7% as described above, there was a 
problem in application to communication equipment, such as a cellular phone 
with which large pass band width is demanded from the amount of [ of 
temperature fluctuation and the dispersion fluctuation at the time of production ] 
frequency being required as a filter. 

[0013] Then, this invention can operate as a balanced type and aims at offering a 
surface acoustic wave filter with the good and quality unbalance of the amplitude 
and a phase, and the outstanding surface acoustic wave filter which an insertion 
loss is still better and can function as surface acoustic wave filters with wide pass 
band width. 
[0014] 

[Means for Solving the Problem] In order to attain said object, the surface 
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acoustic wave filter of the resonator mold of this invention On a piezo-electric 
substrate, the balanced signal electrode which performs a balanced input or a 
balanced output, and the unbalance signal electrode which performs an 
unbalanced output or an unbalanced input are arranged, and it changes. Said 
balanced signal electrode While making it counter so that two or more ctenidium- 
like signal electrodes made to adjoin may be engaged and changing between the 
electrode fingers located in the ends of this electrode to one ctenidium-like float 
electrode or a ctenidium-like earth electrode, it is characterized by a ****** 
ctenidium-like signal electrode being an opposite phase mutually. Moreover, it is 
characterized by the electrode fingers located in the edge of a ****** ctenidium- 
like signal electrode adjoining. Moreover, it is characterized by making the 
average electrode digit from the center of a balanced signal electrode to the 
center of a ****** unbalance signal electrode smaller than the average electrode 
digit of the whole resonator. 
[0015] 

[Embodiment of the Invention] Hereafter, it explains to a detail based on the 
drawing which illustrated the operation gestalt of this invention typically. 
[0016] The top view of the surface acoustic wave filter applied to this invention at 
drawing 1 is shown. Although it is the same as that of structure conventionally to 
carry out two or more arrangement of the IDT electrode 2 which is the IDT 
electrodes 3 and 4 and the balanced signal electrode which are an unbalance 
signal electrode, and to make the reflector electrode 7 lay in the ends With the 
structure of this invention, the IDT electrode 2 between the electrode fingers 
located in the ends of the electrode to one ctenidium-like float electrode or the 
ctenidium-like earth electrode 21 While making it counter so that two or more 
ctenidium-like signal electrodes 22 and 23 made to adjoin may be engaged and 
changing, it is constituted so that the ****** ctenidium-like signal electrodes 22 
and 23 may grow into an opposite phase mutually, and each polar zone is 
formed as a balanced signal electrode. It is characterized by controlling the 
amplitude and phase balance by the above-mentioned structure. In addition, the 



number of the electrode finger of the IDT electrodes 2, 3, and 4 and the reflector 
electrode 7 is simplifying and illustrating the configuration in order to attain to 
several - no less than 100 numbers. Hereafter, in the drawing in which a surface 
acoustic wave filter is shown, it shall simplify similarly and all shall be illustrated. 
[0017] Here, the IDT electrode 2 arranged in the center among three IDT 
electrodes 2-4 is an object for unbalanced inputs, or an IDT electrode for 
unbalanced outputs, and the IDT electrodes 3 and 4 arranged to the ends are an 
object for balanced inputs, or an IDT electrode for balanced outputs, respectively. 
If one side is an output 1 among one pair of electrodes which form the IDT 
electrode for an output, another side will serve as the output 2 from which the 
phase is an opposite phase in the magnitude with the same amplitude to an 
output 1 , and will operate a balanced type. 

[0018] The place which investigated the spacing d2 of the signal line S3 of the 

unbalance I/O section, and the signal line S2 of the balanced appearance input 

section, and correlation of a filter shape, Interference of such mutual 

electromagnetic field that d2 becomes large becomes small, and, as a result, the 

amplitude of the balanced appearance input section and the unbalance of a 

phase are improved. Conversely, the propagation loss of a surface acoustic 

wave becomes small, so that d2 becomes small, and as a result, the insertion 

< 

loss of a filter shape becomes small. The optimal structure had the smallest 
insertion loss in the place which becomes equal to lambda+d, when d2 set 
wavelength of a surface acoustic wave to lambda, and it became clear that the 
unbalance of the amplitude and a phase also became good. 
[0019] Moreover, when investigated also about the spacing d3 of the signal lines 
S22 and S23 of the two balanced appearance input sections, it became clear that 
the insertion loss of a filter shape became small, so that the electrode fingers 
located in the edge of a ****** ctenidium-like signal electrode adjoined and d3 
approached lambda/2. That is, it became clear by making it the structure of this 
invention that the surface acoustic wave filter excellent in the insertion loss of a 
filter shape and the unbalance of the amplitude and a phase could be offered. 
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[0020] Next, the modification of the electrode configuration of this invention is 
shown in drawing 2 , and 9, 10 and 11. 

[0021] Drawing 2 is the surface acoustic wave filter which connected two steps of 
resonator mold filters. An unbalance signal is inputted into the IDT electrode 91 
which is an unbalance signal electrode, and an unbalance signal is outputted 
from the IDT electrode 92. And the IDT electrode 92 and the unbalance signal 
electrodes 3 and 4 of the next resonator mold filter are connected. The 
magnitude of attenuation of a filter shape out of band can be greatly raised 
according to the above-mentioned structure. 

[0022] Drawing 9 is characterized by making the average electrode digit of the 
IDT inter-electrode parts 5 and 6 from the center of the balanced signal electrode 
2 to the center of the ****** unbalance signal electrodes 3 and 4 smaller than the 
average electrode digit^of the whole resonator. The pass band width of a filter 
shape is controllable by the above-mentioned structure. 
[0023] It is characterized by for drawing 10 having connected two steps of 
resonator mold filters, and making smaller than the average electrode digit of the 
whole resonator the average electrode digit of the IDT Inter-electrode parts 5 and 
6 from the center of the IDT electrode 2 which is a balanced signal electrode to 
the center of the IDT electrodes 3 and 4 which are ****** unbalance signal 
electrodes. The magnitude of attenuation of a filter shape out of band can be 
greatly raised according to the above-mentioned structure, and the pass band 
width of a filter shape can be controlled further. 

[0024] according to the surface acoustic wave filter of the IDT electrode structure 
of satisfying the above conditions in this way - an IDT electrode - the filter 
became the combination by which the logarithm was optimized, consequently the 
property of the unbalance of fractional band width, the amplitude, and a phase 
excelled [ filter ] in the good quality target is producible. 

[0025] Drawing 11 is characterized by engaging four ctenidium-like electrodes of 
a balanced signal electrode. Thereby, by using four electrodes, a design 
parameter can be increased and the design which was more suitable for 



requirement specification can be performed. 

[0026] In addition, although the surface acoustic wave filter was constituted from 
a resonator of one section in drawing 1 , it is not limited to this and this invention 
can be applied also in the surface acoustic wave filter which put in order the 
surface acoustic wave filter which carried out two or more piece cascade 
connection of the resonator, and five or more IDT electrodes. 
[0027] Moreover, it is not what is limited also to setting in the electrode structure 
of drawing 2 and the surface acoustic wave filter of 9, 10, and 1 1 . While 
arranging at least three IDT electrodes between two reflector electrodes If the 
IDT electrode which makes the IDT electrode located in the center among these 
three IDT electrodes the unbalanced input section or the unbalanced output 
section, and is located in ends is made into the balanced output section or the 
balanced input section, it can also constitute in an a large number stage. 
[0028] Moreover, as a piezo-electric substrate 1 for surface acoustic wave filters, 
since [ that its electromechanical coupling coefficient is large and ] a 36 degrees 
**3 degreeY cut X propagation lithium tantalate single crystal, a 42 degrees **3 
degreeY cut X propagation lithium tantalate single crystal, a 64 degrees **3 
degreeY cut X propagation lithium niobate single crystal, a 41 degrees **3 
degreeY cut X propagation lithium single crystal, and a 45-degreeX [ **3 degree] 
cut Z propagation tetraboric-acid lithium single crystal have the small frequency 
temperature coefficient, they are desirable as a piezo-electric substrate. The 
thickness of a piezo-electric substrate has 0.1mm - about 0.5 goodmm, and by 
less than 0.1mm, a piezo-electric substrate cannot become weak, by 0.5mm **, 
ingredient cost and a components dimension become large and it cannot be 
used. 

[0029] Moreover, the IDT electrodes 2, 3, and 4 consist of aluminum or an 
aluminum alloy (an aluminum-Cu system, aluminum-Ti system), and are formed 
by the thin film forming methods, such as vacuum deposition, a spatter, or a CVD 
method. Electrode thickness is suitable when being referred to as 0.1 
micrometers - about 0.5 micrometers acquires the property as a surface acoustic 



wave filter. 

[0030] Furthermore, Si, Si02, SINx, and aluminum 203 may be formed in the 
surface acoustic wave propagation section on the electrode of the surface 
acoustic wave filter concerning this invention, and a piezo-electric substrate as a 
protective coat, and the energization prevention and the improvement in power- 
proof by the conductive foreign matter may be performed. 
[0031] 

[Example] The example which made concretely the surface acoustic wave filter 
concerning this invention as an experiment is explained. 
[0032] On the piezo-electric substrate of LiTa03 single crystal of 38.7 degreeY 
cut, the detailed electrode pattern by aluminum(99wt%)-Cu (1wt%) as shown in 
drawing 1 was formed. As for the logarithm of the IDT electrode 2, the spacing d 
of the electrode finger center to center in the edge of the IDT electrode between 
2.1 micrometers and the IDT electrode 2-3 or between 2-4 set the period of 1 1 
pairs and an electrode to 3.3 micrometers for the IDT electrodes 2, 3, and 4, as 
for the logarithm of 16 pairs and the IDT electrodes 3 and 4. A sputtering system, 
a reduced-projection-exposure machine (stepper), and RIE (Reactive Ion 
Etching) equipment performed the photolithography in pattern production, 
[0033] First, the substrate ingredient was cleaned ultrasonically by the acetone, 
IPA, etc., and the organic component was dropped. Next, after clean oven fully 
performed substrate desiccation, membrane formation of an electrode was 
performed. The sputtering system was used for membrane formation of an 
electrode, and the ingredient which consists of an aluminum-Cu1wt% alloy was 
used. The electrode layer thickness at this time could be about 0.2 micrometers. 
[0034] Next, the spin coat of the photoresist was carried out to the thickness of 
about 0.5 micrometers, after having carried out patterning to the request 
configuration, dissolving the photoresist of a garbage with the alkali developer 
with the developer and expressing a request pattern with a cutback projection 
aligner (stepper), the electrode layer was etched with RIE (Reactive Ion Etching) 
equipment, pattern NINGU was ended, and the electrode pattern of the surface 



acoustic wave resonator which constitutes a ladder mold surface acoustic wave 
filter was obtained. 

[0035] Then, the protective coat was produced on the predetermined field of said 
electrode. That is, Si02 was formed on the electrode pattern and the piezo- 
electric substrate with CVD (Chemical Vapor Deposition) equipment at the 
thickness of about 0.02 micrometers. Then, by the photolithography, patterning of 
a photoresist was performed, ******** for wirebonding was etched with the RIE 
system etc., and the protective coat pattern was completed. 
[0036] Next, dicing processing was performed along with the dicing line, and the 
substrate was divided for every chip. And each chip was taken up with die bond 
equipment, and it pasted up in the package using the resin which uses silicone 
as a principal component. Then, desiccation and hardening of were done in the 
temperature of about 160 degrees C. The package used the thing of the 
laminated structure of 3mm angle. 

[0037] Next, after carrying out ball bonding of the 30micrometerphiAu wire on 
aluminum electrode pad on the polar zone of a package, and a chip, the lid was 
put on the package, welding closure was carried out with the closure machine, 
and the surface acoustic wave filter was completed. In addition, it dissociated 
respectively, and the grand electrode on a chip wired, and performed bonding to 
the grand electrode on a package in Au ball bonding. 
[0038] The detailed electrode pattern as shown in drawing 3 as a sample for a 
comparison also produced at the same process as the above. As for the 
logarithm of the IDT electrode 102, the spacing d of the electrode finger center to 
center in the edge of the IDT electrode between 2.1 micrometers and the IDT 
electrode 102-103 or between 102 -104 set the period of 1 1 pairs and an 
electrode to 3.3 micrometers for the IDT electrode 102,103,104, as for the 
logarithm of 16 pairs and the IDT electrode 103,104. 
[0039] Next, property measurement of the surface acoustic wave filter in this 
example was performed. The OdBm signal was inputted and it measured on the 
conditions of a 842.5MHz - 1042.5 MHz frequency and 801 points of measure 



point numbers and the frequency of 10MHz - 6GHz, and the conditions of 401 
points of measure points. A measurement size is 30 pieces and measuring 
equipment is network analyzer by horse mackerel RENTO technology company 
8753D. 

[0040] The frequency-characteristics graph near the passband is shown in 
drawing 5 and 6. Here, drawing 5 is a graph which shows frequency dependent 
[ of the ratio VSWR (Voltage Standing Wave Ratio) which evaluates frequency 
dependent / of the insertion loss showing the transmission characteristic of a filter 
/ (51 in drawing), and the magnitude of a reflective signal ] (52 in drawing). 
Moreover, drawing 6 is a graph which shows the unbalance of a filter shape, and 
makes the unbalance of the amplitude the difference of the frequency 
characteristics of the insertion loss outputted from the output signal terminal 13, 
and the frequency characteristics of the insertion loss outputted from the output 
signal terminal 15. Moreover, let the value which deducted 180 degrees from the 
difference of the frequency characteristics of the phase outputted from the output 
signal terminal 13, and the frequency characteristics of the phase outputted from 
the output signal terminal 15 be the unbalance of a phase. It can be estimated 
that the unbalance of a surface acoustic wave filter is excellent, so that the 
unbalance of the amplitude is OdB and the unbalance of a phase is 0 degree. 
[0041] The filter shape of this invention article was dramatically good. As shown 
in drawing 6 , in the passband, the unbalance 61 with an amplitude of 925MHz - 
960MHz was about **0.7dB or less, and the unbalance 62 of a phase was about 
**7 degrees or less. On the other hand, conventionally which was produced as a 
comparison sample, in the passband, the unbalance 81 with an amplitude of 
925MHz - 960MHz was about **1 .4dB or less, and the unbalance 82 of a phase 
was about **1 5 degrees or less as the surface acoustic wave filter of structure 
was shown in drawing 7 and 8. The improvement (about 0.7dB and about 8 
degrees) was found, respectively. Moreover, to the passband insertion loss 51 of 
this invention article being about 2.4dB or less, and VSWR52 being 2.7 or less, 
conventionally, the insertion loss 71 of about 3,1dB or less and VSWR72 is 3.6 or 



less, and, as for elegance, the improvement of about 0.7dB and 0.9 was found, 
respectively. 

[0042] Moreover, since the miniaturization of a surface acoustic wave filter was 
demanded, the surface acoustic wave filter of the above-mentioned example was 
produced by flip chip mounting, and it evaluated. That is, after forming a 
protective coat pattern, the bump of Au was formed in the electrode pattern for 
bump formation with bump formation equipment. Next, the surface acoustic 
element was separately started by dicing. Next, with flip-chip-bonding equipment, 
the surface acoustic element started separately was pasted up in one and a 
ceramic package, and BEKU was performed to the ceramic package of 
2.5x2.0mm angle in N2 ambient atmosphere. Next, the metal cap was put on the 
package with the sealing arrangement, the inside of a package was sealed, and 
the surface acoustic wave filter was produced. As a result of measuring the 
property of the filter of the above-mentioned structure, it has checked that the 
same result as the above was obtained. 
[0043] 

[Effect of the Invention] As explained above, the surface acoustic wave filter of 
this invention is a surface acoustic wave filter of a resonator mold, and a 
balanced signal electrode is characterized by a ****** ctenidium-like signal 
electrode being an opposite phase mutually while it is made to counter so that 
two or more ctenidium-like signal electrodes made to adjoin may be engaged and 
changes between the electrode fingers located in the ends of this electrode to 
one ctenidium-like float electrode or a ctenidium-like earth electrode. Interference 
of the electromagnetic field of an unbalance electrode and a balanced electrode 
can be made small, consequently a balanced signal can be controlled by 
configuration of the above-mentioned structure in which a ctenidium-like float 
electrode or a ctenidium-like earth electrode is especially located in the ends of a 
balanced signal electrode, and the surface acoustic wave filter the unbalance of 
the amplitude and a phase excelled [ filter ] in the good quality target can be 
realized. 



[0044] Moreover, the surface acoustic wave filter of this invention is 
characterized by the electrode fingers located in the edge of a ****** ctenidium- 
like signal electrode adjoining. The surface acoustic wave filter of this invention is 
characterized by the thing which can realize the surface acoustic wave filter 
could bring the difference of the phase of the balanced signal electrodes 22 and 
23 close to 180 degrees, consequently the unbalance of a phase excelled [ filter ] 
in the good quality target and for which the average electrode digit from the 
center of a balanced signal electrode to the center of a ****** unbalance signal 
electrode was made smaller than the average electrode digit of the whole 
resonator by controlling spacing of the electrode finger of the above-mentioned 
structure again. The primary length mode of a surface acoustic wave and 3rd 
length mode are controllable by changing the average electrode digit of the 
above-mentioned structure, respectively. 

[0045] The surface acoustic wave filter which broadband-ized pass band width of 
a filter shape and which was excellent in quality is realizable with the above. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the top view showing typically the example of a configuration of 
the surface acoustic wave filter of this invention. 

[Drawing 2] It is the top view showing typically the example of a configuration of 
two-step connection of the surface acoustic wave filter of this invention. 
[Drawing 3] It is the top view showing the example of a configuration of the 
conventional surface acoustic wave filter. 

[Drawing 4] It is the top view showing the example of a configuration of two-step 

connection of the conventional surface acoustic wave filter. 

[Drawing 5] It is the graph which shows the frequency characteristics near [ in the 

surface acoustic wave filter of this invention ] the passband. 

[Drawing 6] It is the graph which shows the amplitude near [ in the surface 

acoustic wave filter of this invention ] the passband, and the unbalance of a 

phase. 

[Drawing 7] It is the graph which shows the frequency characteristics near [ in the 

conventional surface acoustic wave filter ] the passband. 

[Drawing 8] It is the graph which shows the amplitude near [ in the conventional 

surface acoustic wave filter ] the passband, and the unbalance of a phase. 

[Drawing 9] It is the electrode block diagram showing typically the surface 

acoustic wave filter of the one-step configuration concerning this invention. 

[Drawing 1 0] It is the electrode block diagram showing typically the surface 

acoustic wave filter of the two-step connection concerning this invention. 

[Drawing 1 1] It Is the electrode block diagram showing typically the modification 

of the surface acoustic wave filter concerning this invention. 

[Description of Notations] 

1,101 : piezo-electric substrate 

2, 3, 4, 91, 92,102,103,104 : IDT electrode 

5 6,105,106 : IDT inter-electrode part 

7,107 : reflector electrode 

8,108 : an IDT electrode and reflector inter-electrode part 



11,111 : input signal terminal 
12,112 : earth terminal 
1315,113,115: Output signal terminal 

21 : Earth Terminal or Electric Float Electrode 

22 23 : Ctenidium-like signal electrode 

51 71 : Frequency characteristics of an insertion loss 

52 72 : Frequency characteristics of VSWR 

61 81 : Frequency characteristics of the unbalance of the amplitude 

62 82 : Frequency characteristics of the unbalance of a phase 

S2, S22, S23 : Signal line of the balanced appearance input section 

53 : Signal line of the unbalance I/O section 

d : spacing of an electrode finger center to center 
d2 : Spacing of S2 and S3 
d3 : Spacing of S22 and S33 
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3. In the drawings, any words are not translated. 
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